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LEUKOPENIA  IN  RATS 


INTRODUCTION 

The  usefulness  of  some  valuable  therapeutic  agents  is 
restricted  in  some  cases  by  the  development  of  leukopenia  (dim¬ 
inution  in  the  number  of  leukocytes),  and  less  frequently  by 
granulocytopenia  or  agranulocytosis  (decrease  in  number  or  dis¬ 
appearance  of  the  granular  series  of  leukocytes)*  Many  agents 
have  been  implicated  in  these  phenomena,  among  these  aminopyrine, 
the  sulfonamides  and  thiouracil  are  the  common  offenders* 

The  mechanism  by  which  leukopoietic  depression  is  produced 
is  not  clear  and  it  has  been  suggested  that  the  leukopenia  is 
due  to  direct  depression  of  bone  marrow  activity  (1),  interference 
in  enzyme  systems  (2,  3)  and  lowered  bacterial  synthesis  in  the 
intestine,  of  a  substance,  which  stimulates  bone  marrow  activity 
(4)* 

Experimental  leukopenia  produced  in  albino  rats  fed  sulfon¬ 
amides  in  a  purified  diet  present  the  following  characteristics: 
depletion  of  mature  granulocytes  in  bone  marrow  (3,  6),  lesions 
of  blood  vessels,  voluntary  muscles,  the  heart  and  liver  (less 
often)  and  haemorrhages  into  various  organs  and  subcutaneous 
tissues  (2,  3,  7,  8).  Death  occurred  in  the  majority  of  cases* 
Calloman  and  his  associates  (20)  showed  deceleration  and 
cessation  of  growth.  The  reviewer  in  (21)  observed  that  terminal 
shock  manifested  itself  as  apathy,  diminution  in  body  temperature, 
flaccididy  of  skin  and  muscle*  A  United  States  Public  Health 
report  (22)  shows  a  failure  of  cut  veins  to  bleed  and  increased 
viscosity  of  the  blood. 
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Various  therapies  have  been  effective  in  correcting  ex¬ 
perimental  leukopenia  and  granulocytopenia.  Axelrod  et  al.  (9) 
and  Spicer  et  al.  (11)  treated  this  condition  successfully 
using  liver  and  liver  extracts.  Daft  and  his  associates  (10), 
using  sulfaguanidine  and  sulfasuxidine ,  showed  the  effectiveness 
of  feeding  crystalline  folic  acid.  Goldsmith  et  al.  (12) 
successfully  treated  neutrophilic  granulocytopenia  induced 
by  thiouracil  (fed  to  rats)  with  solubilized  liver.  Waisman  and 
Elvehjem  (13)  suggested  that  folic  acid  was  the  active  agent 
in  this  liver  fraction.  Daft  and  Sebrell  (10)  provide  exper¬ 
imental  evidence  for  this  view.  In  a  critical  review  (4)  it 
is  pointed  out  that  the  effect  of  folic  acid  may  be  indirect, 
in  that  folic  acid  is  required  by  the  coliform  bacteria  in  the 
intestine  for  the  production  of  some  accessory  substance  which 
in  turn  produces  the  granulocytic  response.  The  effectiveness 
of  pyridorlne  in  elevating  the  leukocyte  count  in  the  anaemia 
of  pellagra  (29)  prompted  Cantor  and  Scott  (14)  to  use  this 
agent  clinically.  Their  results  led  them  to  conclude  that 
pyridoxine  acts  by  direct  stimulation  of  the  myelocytic  elements 
of  the  bone  marrow. 

It  was  to  test  the  validity  of  this  conclusion  that  the 
following  investigations  were  planned. 

Deficiency  symptoms  of  pyridoxine  common  to  rats,  dogs, 
pigs  and  chicks  are  lack  of  growth,  anaemia  and  convulsions 
(13).  Not  all  investigators  have  noted  convulsions.  Acrodynia 
has  been  observed  only  in  rats.  None  noted  that  pyridoxine 
affected  male  rats  more  than  females.  Neither  Hegsted  and  his 
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associates  (lj>)  nor  Kornberg  et  al.  (16)  observed  leukopenia 
in  pyridoxine  deficient  rats.  Bethall  et  al*  (1)  and  Fouts  et 
al.  doubt  the  importance  of  pyridoxine  in  erythropoiesis  in  the 
rat.  They  report  that  only  moderate  anaemia  and  leukopenia 
were  produced  by  pyridoxine  deficiency  in  albino  rats.  Chick, 
MaoRae  and  Martin  (18)  found  only  a  slight  reduction  in  haemo¬ 
globin  in  pyridoxine  deficient  rats. 
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PART  I 


"The  effect  of  thiouracil  and  sulfaguanidine  on 
the  white  cell  count  in  pyridoxine  deficient  rats*" 


I  TH. 
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PLAN  OF  EXPERIMENT 

To  show  the  effect  of  thlouracil  and  sulfaguanidine  on 
the  white  cell  count  in  piebald  rats* 

Animals 

Three  groups  of  piebald  rats  from  6  to  8  weeks  of  age 
were  used  in  each  experiment,  Each  group  of  6,  consisting  of 
an  equal  number  of  males  and  females,  was  placed  in  a  separate 
cage  and  fed  a  B-complex  free  diet  to  which  thiouracil,  etc. 
was  added#  They  were  allowed  water  and  the  diet  ad  lib. 

The  purified  diet  consisted  of: 


Sucrose 

681 

Vitamin  free  casein 

181 

Vegetable  oil 

if 

U.  S.  P.  cod  liver  oil 

U.  S,  P.  salt  mixture 

At 

U.  S.  P.  salt  mixture 

{Wo.  2) 

Nad 

1.73  gm, 

MgS04 

3.43 

ft 

NaH2P04 

3.47 

II 

hh2po4 

9.34 

n 

CaBP04 

5.40 

n 

Ferric  citrate 

1.18 

tt 

Calcium  lactate 

13.00 

« 

The  animals  were  weighed  once  every  three  days# 

During  the  entire  experimental  period  a  protocol  was  kept 
and  remarks  made  on  evidence  of  nutritional  deficiency,  date  of 
death  and  any  gross  changes  in  urine  and  faeces# 

When  the  animals  showed  the  first  outward  signs  of  dietary 
defects,  they  were  fed  the  daily  supplement  of  pyridoxine  free 
B- complex  factors.  Graying  and  loss  of  hair  were  usually  the 
first  indications  of  pyridoxine  deficiency# 
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Counting 

A  total  and  a  differential  white  cell  count  were  performed 
on  each  animal  every  two  weeks  using  the  common  clinical  ap¬ 
paratus  and  procedure. 

(a)  Total  white  cell  count 
Procedure: 

The  tip  of  each  tail  was  nicked  with  scissors  and  the 
tail  milked  to  stimulate  the  free  flow  of  blood.  The  sample 
was  taken  after  the  first  two  drops  had  been  discarded.  This 
was  diluted  with  acetic  acid,  the  pipette  shaken  vertically 
for  30  seconds  and  horizontally  for  10  seconds,  and  then  allowed 
to  stand  for  one  half  hour.  The  first  two  drops  from  the 
pipette  were  discarded  and  the  counting  chamber  carefully 
filled  under  the  cover  slip. 

Using  the  low  power  (8x)  of  the  microscope  with  the 
diaphragm  almost  closed  and  the  condenser  up,  the  total  number 
of  leukocytes  in  the  four  corner  squares  was  counted  in  the 
usual  manner.  This  total  multiplied  by  50  gives  the  total 
number  of  leukocytes  in  one  cubic  millimetre  of  blood  (1). 

(b)  Differential  white  cell  count 

The  differential  count  was  performed  on  a  thin  smear 
stained  with  Leichman  stain. 

Blood  smears  were  made  from  drops  of  freely  flowing 
blood.  Care  was  taken  to  obtain  thin,  evenly  spread  smears. 

The  dried  smear  was  flooded  with  Leichman’ s  stain  for  three 
minutes,  then  buffer  added,  mixed  by  blowing,  and  allowed  to 
stand  five  minutes.  It  was  then  washed  with  distilled  water 


'  'XC  v  ■  .97/  &UJJO 


1  I  0 


9. 


."’0  ax  ::-J  lif; Hi 'ii.: x  ?  I.-::  x  x 

.i.'. : .  a  ..  otv;  x.,\t  vnovo  leixin.x  r  39  a- 

•  Sr  ”■  90  ..•  x 

^  *..\j _ ;.jx  ;x__  ,v 

: 

;  • 'V  ;  sent  er.t  e$&lVL:l$a  ot  t axlli.x  lie; 

•  ■  :  .  -  •  .  ; 

'  sqi  #  'blots  :  ti  s  ;  1  .  i 

*  '  ‘  '  ■'  ■■  ■  ot  I.  Jacsjt-xc  !  8  ;  B  5  10' 

.  *• 

©  -  ;  -  IB OB i  .  g  •  ; 

•  H-i •"  •  -xx’700  ori$  rzebm  i-elir. 
tw  eqpoaosoj:  d  1  (  ;  s  .  •  •  , 

t  t  -  ...  ’  b 98 ole  ■  -  •■  ■ 

O  '  '  •  - 


eatf  ax  beJm/oo 


&rt  .  li  ;  Jod 


... 


f  ri  c,  'f 


1£9 


-  ■  es  : 

c  V  "  •  ■ 

o.  • 


• » -  )  I  cola  ‘io  e'lo  ouii.CIiro:  ; 

iL  li;.  !'••• 

C  •  •  • 

♦  n:/:  '  p,  rxx  x  oiv. ;  ;  i  .v  h.  i 

. 

’ 

;  . 


-  7  - 


until  the  excess  stain  was  removed.  The  end  of  each  dried  slide 
was  labelled  with  a  strip  of  gummed  paper  which  recorded  the 
animal,  its  group  and  the  date* 

Using  the  oil  immersion  objective  and  a  drop  of  cedar  oil, 
a  differential  count  was  made  on  100  stained  leukocytes#  The 
oount  was  differentiated  as  follows; 

(1)  per  cent  Polymorphs 

Neutrophils 

Eosinophils 

Basophils 

(2)  per  cent  Lymphocytes 

(3)  per  cent  Monocytes* 

Where  a  field  could  not  be  brought  clearly  into  focus 
or  doubt  remained  in  differentiation,  another  count  was  made. 

RESULTS 

Shown  in  the  tables  and  graphs.  B~ comp lex  free  diet 
plus  a  drug,  supplemented  by  B- comp  lex  factors  less  pyridoxine. 

(1)  Tables  and  Graphs  I  and  II. 

Control  group. 

(2)  Tables  and  Graphs  III  and  IV. 

One  per  cent  thlouracil  in  diet* 

(3)  Tables  and  Graphs  V  and  VI. 

One  per  cent  sulfaguanidine  in  diet. 
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Table  I.  Total  leukocyte  count  per  cubic  millimetre  blood 
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Graph  I.  Effect  of  a  pyridoxine  deficient  diet  on  the  total 

leukocyte  count. 


Graph  II.  Effect  of  a  pyridoxine  deficient  diet  on  the  granu¬ 
locytic  (polymorph)  count. 
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Table  III.  Total  leukocyte  count  per  cubic  millimetre  blood 
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Graph  III.  The  effect  of  a  pyridoxine  deficient  diet  +  1% 
thiouracil  on  the  total  leukocyte  count. 


Graph  IV.  The  effect  of  a  pyridoxine  deficient  diet  +  1% 
thiouracil  on  the  granulocytic  count. 


e  ' 


14 


0 

U 

rH 

d 

CO 

V*. 


P 

O 


P 

d 

0 

•H 

O 

•H 

a 

§ 


•§ 

•H 

fc 

P* 


0 

S 

s 


& 

O 

•H 

O 

d 

0 

P< 

+3 

d 

3 

o 

o 

© 

p 

t>> 

o 

o 


H 

0 

P 


© 

H 

I 


O  O 

1  1  1  o  1  o 

r— I 

I  I  1  OO  I  st 

rH 

04  vO 

O  o  o 

|  |  1  O  Lf\  O 

rH 

|  |  |  OMAlA 

Os 

st  v£>  sO 

O  O  O  O  O  O 

O  o  o  lt\o  tf\ 

oo 

C~-sO  O  r— 1  stsO 
ur\ur\vO  vO  st  la 

o  o  o  o  o  o 

U>U\IAU\0  O 

d 

c- 

•AOI  OsvO  oj  OJ 

K\tC\ 

O  O  O  O  O  O 

O  O  O  O  ir\4T\ 

0 

OO  C\i  os  c***oo  st 

m 

ir\st  UAO  lis^o 

© 

rH 

P 

O  O  O  O  O  O 

d 

vO 

ir\o  o  iao  o 

© 

St  £*-st  ste©  St 

st  LA  st  04  sO  s£> 

•H 

H 

b 

ft 

LA 

o  o  o  o  o  o 
o  o  o  o  o  o 

© 

Os  St  HI  StsQ  st 

u 

st  lAtAOl  U\s0 
rH 

© 

o  o  o  o  o  O 

0 

lT\tr\0  O  O  LT\ 

m 

N\i/\rH  IAIAO 
vO.  lA^AOl  U\ s0 

M 

rH 

© 

.1 

O  O  O  O  O  O 

N> 

o  o  u\o  O  CO 

OJ 

O  Ostr\OsO  st 

04  O  O  C"-tArH 
HHHHHH 

o  o  o  o  o  o 

tAO  O  IAO  ur\ 

H 

K\sO  st  O  St  H  > 

Os  OS  OS  K\  04  K\ 
HHH 

o  o  o  o  o  o 

O  O  tf\0  o  o 

O 

LAiAOO  IAO  st 

O  0*AO  03 VO 
rH  rH  WHrl 

O  o  o  o  o  o 

O  O  O  O  O  O 

P 

OJ  sO  lAsO  st 

sOsOsO  OlsO  LA 
rH 

S  Vi  E  Vi  S<N 

0 

P3 

«d 

© 'd 
^  © 
M  14^ 
0  0 
0  PI  | 

•0  Pj 
©  0  fH 
^  ©  $ 
14  © 

0  P 
0  $P 
bO<M 
Q  -H  0 
d  U  H 

if  a  a 

Ofgj  *-? 


0  0 

r”J  § 

0  © 

£1  ^ 

ti  B 


1 


i,  t  .. 


■  '  I 

I  »  l 


J  I  l 
I  S  [ 


■ 


. 


■  1  •  ■ 


. 


f  r  f  (  f  ( 


i  • 


•  - 


■  . ,  - 

)  : 

t  .  <  ,  : 

' 

T 

■ 

' 

. 

• 

‘ 

x?  - 


OO  CM  O 

CM  CO  O 

CM 

’M'  la 

H  CO 

rH 

H-  PA 

LAOO 

CM 

LA 

s©  ^  O 

o  o  o 

o  o  o 

pH 

CO  H 

H  On 

o  o 

pH 

s©  CM 

CQKO 

NO  ON 

•'sf  H 

CM  PA 

PAO  SO 

CM  00  O 

o  o  o 

CO^  H 

COCO 

CM  CO  O 

CPs 

laoma 

CKO 

CO  CM 

PAH  s© 

CM  CM  ^ 

OON© 

nO  CPs 

coco 

CKO 

LA  LA 

LACO 

LAO 

rH  PA 

rH  PA 

H  ^ 

H  H1 

PA 

H 

CM  CO  O 

x©  PAO 

soo  o 

PAO  O 

HOO  O 

PASO  O 

OO 

CKO 

LT\PA 

xO  CM 

O  CKO 

H  PA 

O  X* 

PA^ 

C—H 

SO  r-H 

H  H 

H  SO 

On  LA 

• 

rH  H* 

tf\ 

LA 

PAO- 

H  Nt 

LA 

© 

a 

• 

«H 

a 

•© 

© 

CM  C-O 

O  O  O 

CM  CO  O 

O  O  O 

O  o  O 

CM  GO  O 

•H 

kOlO 

CM  CM 

rH  Os 

.  LA'** 

CO  CM 

v© 

lA-'sP 

a 

© 

CM  CM 

OCK 

PAO 

LACO 

PAH- 

H  CM 

© 

p 

H- 

rH  PA 

lAs© 

H  la 

H  LA 

a 

•P 

fcD 

a 

p 

© 

a  *© 

a 

Vi 

o  o 

© 

H  (NO 

oo^ 

H  OxO 

s©  ^  O 

N©  O 

o  o  o 

H 

o  o 

avO 

CM  SO 

OxLALA 

CO  CM 

*A«fr 

SO  CM 

CO  CM 

a 

pH 

H 

H-  sf- 

CM  O 

o  o 

PAO 

H  ’M* 

CM  H 

CO 

pH  ,© 

pH  PA 

H 

HH* 

CM  O 

HM- 

H  LA 

© 

© 

Pi 

H 

•H  © 

H 

p  a 

a  p 

© 

x©  PAO 

o  o  o 

H  PAH 

O  o  O 

N^N©  O 

PAn©  O 

+ 

©  © 

LA 

EOSO 

o  o 

50  H  LA 

OO 

nOCO 

Np  O 

h  a 

a 

H-  co 

H  ^ 

O  CM 

LAO 

s©  CO 

CO  CM 

+» 

©  *H 

© 

CM  PA 

pH  Tf 

H  PA 

Ox  PA 

CM  CM 

CM  PA 

© 

Vi  H 

p 

•H 

o 

Vi  H 

xO  PAO 

o  o  o 

v©  PAH 

O  o  o 

H*  CO  O 

nJ-nO  O 

•p 

©  «<* 

COSO 

CO^ 

PAH  LA 

OO 

n©  CM 

CM  SO 

a 

© 

H-CO 

rH  H- 

CO  CM 

LAO 

N©  CK 

CO  la 

© 

•  *H 

© 

CM  PA 

HI  H* 

H  PA 

©\PA 

CM  ON 

H  On 

•H 

H  rQ 

,© 

© 

>  a 

•H 

o 

Vi 

© 

O  O  O 

CO  CM  O 

O  O  O 

o  o  o 

CM  CD  O 

<SpN©  o 

1 

rH  a 

PA 

O  O 

O  CK 

PAO* 

o  o 

C-CM 

CM  SO 

,©  © 

CM  OO 

PA  LA 

so  so 

OO  CM 

v©  ON 

CO  tf\ 

65  P 

HO 

H  CK 

CM  SO 

x©  O 

PA  Os 

H  CK 

© 

EH  “ 

rH 

H 

a 

f 

CM  PA 

stsO  O 

CMX0  O 

O  O  O 

CO  CM  O 

*«4-s©  O 

OJ 

CM  PA  Os 

cm  eo 

CM  SO 

xfr\0  PA 

OO  H 

PAN© 

•o 

rH  rH 

CO  O' 

CM  H 

s©  PAH 

^  CK 

CO  CM 

«H 

rH  OO 

H  SO 

H  CO 

pa.©\ 

H  O 

H  H 

Pi 

H 

H 

O  O  O 

o  o  o 

xj-x©  O 

LA  LAO 

o  o  o 

v©  O 

pH 

CO  CM 

UMA 

s©  PA 

lA*t 

CO  O  CM 

CKO 

vQCD 

H  PA 

too 

CM  CM 

CMN©  *H 

CM  H 

rH  CO 

PA’M* 

rH  CO 

CM  CO 

CM  ON 

CM 

H 

H 

H 

O  *«J-nO 

CM  CM'S© 

CM 

O  LA  LA 

O  CM  CO 

On©  O 

O 

^  Ni-co 

CM  H  s£> 

^4*  CM  PA 

O  SO  CM 

LA  LACK 

CO  CM 

CM  C— H 

H  ^ 

0-00  H 

LACO  H 

s©  SOH 

O  PA 

rH 

H  LA 

H  H" 

CM  ON 

rH  H- 

H  H- 

Ph 

fh 

P 

a 

Vi 

a 

Vi 

a 

Vi 

© 

pa 

A 

4 

m 

1 

PS 

4 

4 

n  ft  n 

Pi  H  ^ 


1  1 


S  Vi 


<Q  *© 

44  O 
U  U  44 

©  S  sh 

.  a 

©  S  a 

^  ©  i 

H  © 

©  43 

a 

fcOVi 

O-H  © 

a  a  h 

teg 

o  ps  h 


-1C 


Graph  V.  The  effect  of  a  pyridoxine  deficient  diet  plus  1  % 
sulfaguanidine  on  the  total  leukocyte  count. 
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Graph  VI.  The  effect  of  a  pyridpxine  deficient  diet  plus  I 
sulfaguanidine  on  the  granulocytic  count. 
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DISCUSSION 

When  the  diet  was  deficient  in  pyridoxin©  the  leukocytes 
in  nearly  all  animals  followed  the  same  trend  (Table  I,  Graph 
I).  There  was  an  initial  rise  in  the  total  leukocytes,  fol¬ 
lowed  by  a  steady  decline  to  leukopenia  in  two  animals.  After 
feeding  the  pyridoxin©  free  B-factors  there  was  no  evidence  of 
leukopoiesis.  This  may  be  attributed  to  pyridoxin©  deficiency* 
Agranulocytosis  was  not  produced  (Table  II  and  Graph  II).  Al¬ 
most  all  animals  died  before  a  low  enough  count  could  be  ob¬ 
tained.  Animals  approaching  death  showed  symptoms  typical  of 
pyridoxine  deficiency  (loss  of  weight,  stiffness,  body  tremors). 
Tables  III  and  IY  illustrate  the  results  of  feeding  2  per  cent 
thiouraeil  in  the  pyridoxine  deficiency  diet*  !h@  initial  rise 
in  leukocyte  count  is  not  as  great  as  in  the  case  of  simple 
pyridoxine  deficiency*  Thiouraeil  evidently  tended  to  depress 
the  whit©  cell  count  more  quickly  than  was  the  case  in  the  B~ 
free  diet.  A  less  even  trend  of  counts  may  be  attributed  to 
the  different  sensitivity  of  individual  animals  to  the  drug* 
Leukopenia  was  not  produced  to  any  severe  degree  and  agranulo¬ 
cytosis  not  at  all#  The  thiouraeil  in  the  pyridoxin©  deficient 
ration  did  not  lower  the  cell  count  below  that  of  the  first 
experiment*  Animals  approaching  death  showed  symptoms  similar 
to  those  described  in  the  first  experiment. 

A  severe  degree  of  leukopenia  was  produced  using  one  per 
cent  sulfaguanidine  in  the  diet  (Table  Y  and  Graph  Y).  Nearly 
all  animals  showed  a  low  total  whit©  cell  count.  Agranulo¬ 
cytosis  developed  in  two  animals.  There  is  evidence  of  greater 
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leukocyte  depression  in  this  group  than  in  either  of  the  pre¬ 
vious  experiments*  The  very  low  counts  might  be  attributed  to 
unusual  sensitivity  toward  sulfaguanidine# 


SUMMARY 

(1)  A  moderate  degree  of  leukopenia  was  produced  in  rats 
on  a  pyridoxine  deficient  diet# 

(2)  A  similar  degree  of  leukopenia  was  produced  using  t  / 
per  cent  thiouraeil  in  the  diet# 

(3)  A  greater  degree  of  leukopenia  was  produced  in  rats 

on  a  pyridoxine  deficient  diet  plus  one  per  cent  sulfaguanidine* 

(4)  Animals  only  on  the  sulfaguanidine  diet  showed  agranu¬ 
locytosis* 

(3)  Nearly  all  animals  showed  the  characteristic  symptoms 
typical  of  those  on  a  pyridoxine  deficient  diet  (13,  17,  26)# 
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PART  II 


"The  effect  of  a  pyridoxin©  supplement  on  the  leukocyte 
count  in  rats  fed  a  pyridoxin©  free  diet  plus  gardan, 
pyramidon  and  sulfaguanidine* " 
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PLAN  OF  EXPERIMENT 


Animals 

Animals  were  prepared  in  the  manner  already  described. 
The  pyridoxine  supplement  was  administered  by  subcutaneous 
injection  when  leukopenia  became  evident.  Periodicity  of  in¬ 
jection  and  the  results  obtained  are  indicated  in  tables  and 
graphs  following. 


Counting 

As  in  Part  I. 

RESULTS 

Indicated  in  the  tables  and  graphs.  B- complex  free  diet 
plus  a  drug,  supplemented  by  B- comp  lex  factors  less  pyridoxine, 
and  separately  supplemented  by  pyridoxine  subcutaneously. 

(1)  Tables  and  Graphs  VII  and  VIII. 

•  23  per  cent  garden  in  the  diet.  (Piebald  rats). 

(2)  Tables  and  Graphs  IX  and  X. 

.25  per  cent  garden  in  the  diet.  (Albino  rats). 

(3)  Tables  and  Graphs  XI  and  XII. 

.25  per  cent  pyramidon  in  the  diet.  (Piebald  rats). 

(4)  Tables  and  Graphs  XIII  and  XIV. 

.23  per  cent  pyramidon  in  the  diet.  (Albino  rats). 

(3)  Tables  and  Graphs  XV  and  XVI. 

2.0  per  cent  sulf aguani dine  in  the  diet.  (Albino  rats). 
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Graph  VII.  The  effect  of  pyridoxine  on  leukopenia  induced  by 
.25%  gardan  in  a  B-complex  free  diet  (Piebald  rats. 
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Table  X.  Differential  count  per  cubic  millimetre  blood 


25 


OOO 

0 

1  1  1 

1  1  1 

A  A 

1  1  1 

1  I  1 

1  i  1 

CJ 

1  1  1 

1  1  1 

O  Ox 
rH  K\ 

1  1  1 

1  1  1 

1  1  ! 

OOO 

O  stCO 

CM  CO  O 

O  H  Os 

C7\ 

1  1  1 

A  A 

CO  CM  xj- 

O  OS 

1  \  1 

\D  C— v© 

H 

1  »  1 

CM  CM 

H  AH 

CM  O 

1  I  1 

C-OsH 

AC— 

AOS 

AO 

sO  Os 

rH 

OOO 

OOO 

OOO 

sQ  st  O 

OOO 

000 

C- 

sO 

C- A 

CO  CM 

O  OS 

CM  OO 

O  O 

H 

ACO 

sD  O 

vQ  c— 

OO  C— 

vO  st 

stsO 

sO 

rH  A 

Ast 

rH  sO 

HvD 

cm  t- 

rH 

rH 

rH 

OOO 

ir\ir\0 

Sts©  O 

sO  st  O 

A  AO 

CM  CO  0 

A 

O  O 

OvO 

St  IA 

AO 

O  Os 

0  OS 

rH 

CO  St 

O  st 

CKvO 

st  c— 

CM 

0  CM 

AC— 

st  A 

A 

OJ  sO 

AOs 

CM  CM 

rH 

rH 

rH 

! — 1 

H 

H 

M 

cd 

t£ 

© 

stsQ  O 

OOO 

CO  CM  O 

000 

sO  O  O 

CO  CM  O 

A 

st  A 

CO  CM 

CM  C- 

rH  Os 

C— Q 

sO  k\ 

rH 

■^00 

vO  (A 

OSOJ 

r-i  CM 

Os  A 

st  A 

■P 

rj 

ACO 

c — 1  vO 

CM  OS 

rH  vQ 

CM  Os 

O 

H 

© 

9 

OOO 

OOO 

000 

sO  st  O 

CM  CO  O 

sO  st  O 

© 

H 

C- A 

CM  CO 

O  O 

rH£D 

AsO 

O  Os 

rH 

CM  CM 

Ast 

A  t— 

C— st 

At— 

CO  st 

AO 

vQ  On 

sO  CO 

rH  HI 

H  Os 

AA 

© 

rH 

H 

H 

© 

-P 

OOO 

OOO 

OOO 

0  00 

OOO 

OO  CM  O 

Ch 

On 

CM  GQ 

O  O 

iH  Os 

0  0 

CO  CM 

CO  H 

<c 

st  A 

st  H 

sO  CO 

CM  CM 

CM  st 

CM  A 

AA 

A  A 

ACM 

st  st 

CM  A 

CMs©  . 

© 

© 

© 

35 

OOO 

vOO^ 

M5M-0 

OOO 

OOO 

CQ  CM  O 

C*** 

GsH 

coco  a 

rHOD 

AA 

CM  CO 

O  Cs 

CD  sO 

£- ACM 

sQ  O 

sO  Os 

HC© 

st  tr- 

rH  CO 

vOO 

AsO 

st  CM 

s0  A 

CM  st 

rH 

H 

H 

0  st  0 

CO  CM  O 

CM  CO  O 

H  OsO 

000 

A  AO 

A 

SO  tC\ 

CO  rH 

st  A 

£— CM 

0  0 

AsO 

A  CN 

AO 

C— A 

vOsO 

osso 

A  A 

AH 

ACM 

St 

st  CM 

CM  H 

CM  st 

rH 

rH 

H 

H 

H 

CM  CO  O 

CO  O  CM 

sts©  0 

OOO 

OOO 

C— s£>  O 

CM 

As© 

s©vO  C— 

OsO 

CM  CO 

OO  CM 

A  A 

OsCQ 

CM  C— H 

ACM 

C— C— 

CO  A 

O  st 

rH  rH 

A  A 

CM  O 

H  Os 

CM  H 

CMS© 

rH 

rH 

rH 

H 

H 

H 

c- ao 

O  O  O 

CM  OO  O 

A  AO 

000 

CMC©  O 

O 

t—  CM 

AsO  e- 

K\i — 1 

C— -CM 

H"  sO 

ASt 

Ac- 

A  A 

St  A 

CM  CM 

st  C— 

OSCQ 

HO 

rH  £- 

HC- 

H  C- 

H  A 

A 

p^ss 

hi»H^ 

hi  g 

hi  iAm 

-p 

o-m 

u 

n 

U 

iH 

© 

PS 

A 

g| 

P5 

1 

m 

rH 

o  *  no  marked  ear  m  «  male  P  *  Polymorphs 

R  ®  right  ear  marked  f  *  female  L  »  Lymphocytes 

L  *  left  ear  marked  M  »  Monocytes 

L.R  *  both  ears  marked 


J  f 

(  f  f 

!  f  ’ 

• 

,  .  . 

:  9 

1  ! 

» '  :  t 

' 

■ 

! 

1 

! 

«•-  • 

/  t  >■  ’ 

i  .  •*  •' 

-  26  - 


Graph  IX.  The  effect  of  pyridoxine  on  leukopenia  induced  by 
.25%  garden  in  a  B-complex  free  diet  (Albino  rats, 

7  weeks  age ) . 


Graph  X.  The  effect  of  pyridoxine  on  a  low  polymorph  count 
induced  by  .25%  gar dan. 
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Graph  XI.  The  effect  of  pyridoxine  on  leukopenia  induced  by 
,25?0  pyramidon  in  a  B-complex  free  diet  vPiebald  rats, 


Graph  XII.  The  effect  of  pyridoxine  on  a  low  polymorph  count 

induced  by  .2$%  pyramidon. 
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Table  XIII*  Total  leukocyte  count  per  cubic  millimetre  blood 
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Table  XT?*  Differential  count  per  cubic  millimetre  blood 
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Graph  XIII.  The  effect  of  pyridoxine  on  leukopenia  induced  by 
•25u/o  pyramidon  in  a  B-complex  free  diet  (Albino  rats, 

7  weeks  age). 


Graph  XIY.  The  effect  of  pyridoxine  on  a  low  polymorph  count 
induced  by  *25%  pyramidon  in  a  B- complex  free  diet. 
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Graph  XV.  The  effect  of  pyridoxine  on  leukopenia  induced  by  2% 
sulfaguanidine  in  a  B-complex  free  diet  (Albino  rats,  6  weeks  age). 


Graph  XVT.  The  effect  of  pyridoxine  on  a  low  polymorph  count 
induced  by  2%  sulfaguanidine  in  a  B-complex  free  diet# 
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DISCUSSION 


From  Table  and  Graph  VII  there  is  evidence  of  a  significant 
rise  in  total  leukocytes  after  the  injection  of  pyridoxine. 

Since  pyridoxine  was  the  only  deficiency  the  uniform  rise  in 
leukocytes  following  the  injection  could  be  attributed  to 
pyridoxine.  Agranulocytosis  was  not  produced  (Graph  VIII). 

After  giving  pyridoxine,  the  polymorph  trend  was  not  signif icantly 
different  from  previous  results  to  justify  the  conclusion  that 
pyridoxine  was  responsible.  At  the  same  time,  a  slight  rise 
did  occur. 

(Tables  and  Graphs  IX  and  X).  Neither  leukopenia  nor 
agranulocytosis  occurred  in  these  animals.  After  pyridoxine 
injection  the  leukocyte  counts  rose  to  a  higher  level.  Although 
the  rise  in  response  to  pyridoxine  was  irregular,  the  effect  in 
all  animals  on  the  absolute  count  was  a  significant  increase. 

Too  few  animals  survived  in  Group  7  (Tables  and  Graphs  XT 
and  XII)  to  permit  any  general  conclusions.  It  seems  apparent 
that  pyramidon  in  the  concentrations  fed  produced  earlier 
fatality  than  did  gardan. 

The  value  of  the  experiment  in  relation  to  pyridoxine 
effect  is  diminished  by  the  number  of  survivors.  Of  significance 
is  the  response  of  one  animal  to  repeated  injections  of  pyri¬ 
doxine.  Both  the  total  leukocyte  and  polymorph  counts  rose  in 
close  correlation  to  each  other  after  each  injection.  It  is 
reasonable  to  conclude  that  pyridoxine  was  responsible  for  the 
rise  in  counts  in  this  animal. 
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In  Tables  and  Graphs  XIII  and  XIV,  the  total  leukocyte 
counts  responded  with  a  uniform  rise  after  injection  then  fell* 
Since  the  counts  were  relatively  low  and  later  a  rise  in  the 
majority  of  cases  occurred,  the  pyridoxine  must  have  been 
responsible.  Following  the  injection  of  two  females,  their 
total  leukocyte  and  polymorph  counts  rose  in  correlation.  This 
showed  significant  evidence  in  suggesting  that  pyridoxine  was 
the  responsible  factor.  The  polymorph  count  of  most  animals 
was  at  its  peak  after  pyridoxine  injection.  The  response  in 
general  was  a  rise  in  count  but  this  was  not  significant  enough 
from  which  to  draw  conclusions.  Agranulocytosis  was  not  pro¬ 
duced.  The  pyramidon  did  not  interfere  with  leukopoiesis  suf¬ 
ficiently  enough  to  produce  this  condition. 

The  number  of  survivors  shown  by  Tables  and  Graphs  XV  and 
XVI  seriously  limits  the  value  of  the  experiment  with  respect 
to  the  response  to  pyridoxine.  The  lone  survivor  showed  a 
favorable  response  to  pyridoxine:  a  close  correlation  occurred 
between  the  rise  in  leukocytes  and  the  rise  in  polymorphs.  The 
unusual  response  of  one  animal  (female)  leads  one  to  suspect 
unusual  sensitivity  to  sulfaguanidine. 

Animals  showed  symptoms  similar  to  those  occurring  In  Part 
I  (coarse  hair,  loss  of  hair,  loss  of  weight,  and  toward  death 
a  cramped  condition  with  faint  body  tremors).  Rats  fed  2  per 
cent  gardan  and  pyramidon  rapidly  began  passing  blood  in  both 
faeces  and  urine.  HaEGOj  was  given  and  the  quantity  of  both 
drugs  reduced  to  .25  per  cent. 
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SUMMARY 

The  response  of  rats  with  low  leukocyte  and  polymorph 
counts  (induced  by  feeding  *23  per  cent  garden,  *23  per  cent 
pyramidon  and  2  per  cent  sulfaguanidine )  to  pyridoxine ,  in¬ 
jected  subcutaneously,  was: 

(1)  In  general  a  significant  rise  in  both  total  leukocyte 
and  polymorph  counts; 

(2)  In  nearly  all  instances  of  leukopenia  and  agranulo¬ 
cytosis  rises  in  counts  occurred  to  correct  these  conditions; 

(3)  In  several  isolated  cases  after  repeated  injections 
of  pyridoxine,  a  close  correlation  occurred  between  the  rise 
in  total  leukocytes  and  polymorphs* 
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PART  III 


"The  effect  of  the  toxin  of  staohybotrys  alter nans  (a 
saprophytic  mold)  on  Piebald  rats*" 


_ 

■ 


-  40  - 


INTRODUCTION 

A  review  by  V#  0.  Drobotko  (28)  brought  to  our  attention 
the  presence  of  two  new  diseases,  stachybotrytoxicosis  of  horses 
and  stachybotrytoxicosis  of  humans.  Both  were  discovered  in 
the  Soviet  Ukraine  and  up  to  now  there  have  been  no  reports 
elsewhere  of  their  occurrence.  Leukopenia  and  agranulocytosis 
are  characteristic  of  the  late  stages  of  these  diseases. 

The  source  of  the  causative  agent  in  each  case  was  traced 
to  a  saprophytic  mold,  stachybotrans  alternans,  found  in  moist 
hay. 

In  horses  the  disease  manifested  itself  in  three  clinical 
stages: 

(1)  An  irritation  of  lips,  mouth,  throat  and 

nose. 

(2)  Leukopenia  gradually  appeared  in  addition 

to  signs  in  (1). 

(3)  A  rise  in  temperature  maintained  until 
death.  Leukopenia  persists,  necrotic  ulcers  de¬ 
veloped  and  agranulocytosis  developed.  The  majority 
of  cases  recovered  after  the  first  or  second  stage. 

Humans  who  came  into  contact  with  the  infected  hay  contracted  a 

% 

moist  dermatitis,  anginal  pharyngitis  with  a  bloody  exudate  and 
cough.  Pains  in  the  throat,  a  burning  in  the  nose  and  chest 
congestion  were  common  symptoms.  Only  in  a  few  cases  did  a 
decrease  in  the  leukocyte  count  occur,  but  never  was  it  below 
2000  cells  per  cubic  millimetre  of  blood. 
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The  mold  was  grown  on  agar  plates*  Ether  extracts  of  the 
mold  injected  into  horses  proved  the  presence  of  an  etiologic 
agent  ("Toxin”)  capable  of  causing  the  disease*  All  observations 
indicated  a  definite  chemical  substanoe  which  poisons  the  organ¬ 
ism;  a  baeteriologic  factor  may  play  some  part* 

It  is  logical  to  assume  that  the  severe  degree  of  leuko¬ 
penia  in  horses  and  mild  leukopenia  in  humans  may  be  attributed 
to  the  different  methods  of  acquiring  the  toxin.  Horses  ob¬ 
tained  large  amounts  of  toxin  orally  (eating  hay)  with  the  re¬ 
sultant  relatively  rapid  absorption  and  high  concentration  in 
the  blood  stream.  With  humans,  only  through  the  respiratory 
tract  or  skin  (slow  methods  of  absorption)  did  the  toxin  gain 
admission  to  the  blood* 

PLAN  OF  EXPERIMENT 

To  show  the  effect  of  the  toxin  on  Piebald  rats* 

Animals 

Six  Piebald  rats  (Departmental  Colony)  war©  divided  into 
two  groups  consisting  of  three  females  and  three  males*  Each 
group  was  placed  in  a  separate  cage*  Water  and  a  complete 
stock  diet  were  allowed  ad  lib* 

Blood  counts  were  taken  immediately  and  on  successive  days 
as  indicated  in  the  graphs  following* 

The  males  were  subcutaneously  injected  with  *1  cubic  centi¬ 
metre  of  toxin.  Females  were  orally  fed  by  pipette  a  like  amount. 
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Counting 

Total  and  differential  white  ooll  counts  were  made  as  in 
Part  I. 

Preparation  of  Toxin 

Nine  cultures  of  stachybotrys  alter nans  were  mad©  in  petri 
dishes  (Agar  medium)  and  24  liquid  cultures#  The  33  molds  were 
ether  extracted  four  times,  filtered  and  the  ether  evaporated# 
The  oil  and  solid  material  resulting  (1#5  grams)  was  made  up  to 
9  cubic  centimetres  with  sesame  oil#  This  solution,  containing 
the  toxin,  was  used  in  the  experiment# 

RgSULTS 

(1)  Shown  by  the  total  cell  count  in  Table  XVII  and  Graph 
XVII,  and  the  polymorph  count  in  Table  XVIII  and  Graph  XVIII# 

(2)  Symptoms  shown  by  the  animals  are  given  in  the  dis¬ 
cussion# 

DISCUSSION 

The  sudden  rise  in  total  leukocyte  count  above  normal 
values  can  be  attributed  to  the  toxin#  Individual  animals 
showed  a  greater  resistance  to  the  toxin  than  others  (death 
of  two)#  Although  a  small  number  of  animals  was  used,  it  seems 
logical  to  assume  that  oral  administration  caused  death  more 
rapidly  than  subcutaneous  administration# 

The  oral  fed  rats  showed  similar  symptoms  to  those  of 
horses  which  had  been  feeding  on  hay  infected  with  the  toxin# 
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Swollen,  purplish  tongues,  blood  and  mucus  excretion  through 
the  nostrils,  respiration  trouble  and  body  tremors  were  char¬ 
acteristic  symptoms  shown  by  the  orally  fed  rats.  Injected  rats 
showed  a  bunched  intoxicated  condition  as  the  experiment  con¬ 
tinued.  Body  lesions  at  the  site  of  injection  became  badly 
inflamed,  failed  to  heal  and  caused  such  discomfort  to  the 
animals  that  further  injections  were  halted.  These  animals 
regained  normal  health  later. 

Agranulocytosis  did  not  appear  in  the  experiment.  Tim© 
might  be  a  factor,  since  leukopenia  and  agranulocytosis  in 
horses  (28)  did  not  appear  until  six  weeks  to  a  month  after  the 
initial  absorption  of  the  toxin.  This  sudden  rise  in  leukocyte 
count  with  the  rats  runs  parallel  to  the  picture  with  horses. 

If  continued  over  a  long  period,  the  animals  may  have 
shown  the  second  stages  characterized  by  leukopenia.  In  rats 
this  remains  to  be  seen. 

SUMMARY 

The  toxin  of  staohybotrys  alternans  was  administered  to 
Piebald  rats; 

(1)  Death  occurred  in  some  eases. 

(2)  Rats  fed  orally  showed  the  first  symptoms  typical  of 
stachybotrytoxicosis  of  horses. 

(3)  Leukopenia  or  agranulocytosis  was  not  produced. 


•  5 

-■  *•  -  ■  ■  -  t  '  • 


•  *  '  .  •  , 

;  ■;  •'  .. 

* 

i  . 

* 


. 

• 

■ 

'  •  •  «  '  * 

rh  i  :  1 

*  '  :  •  • 

* 


;  ;J  v  t*r  ' 

■  ; 

* 


Table  XVII*  Total  leukocyte  count  per  cubic  millimetre  blood 
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Table  XVIII.  Differential  count  per  cubic  millimetre  blood 


45 


11 

o  o  o 
o  o 

i*NO 

tr\cQ 

H 

1  1  1 

9  9  9 

o  i*\o 
H  o 

O  CM 
KNCO 

H 

CM  NO  CM 
OLf\5H 
"M*  1AH 
<M*  CM 

H 

9  9  1 

1  9  I 

CQ 

8 

nd 

O 

•H 

0 

ft 

o 

O  O  O 
vO 

HOO 
nO  ur\ 

H 

Ovj3 

CM  HvO 

CKrfSr-J 
n*  H 

H 

UVAO 
O  On 
N©CO 

oh 

HI 

O  O  O 
n©  OSH 
H  K\H 
NO  O 

HI 

1  1  1 
!  !  1 

H 

03 

ft 

§ 

■H 

0 

9 

« 

1020 

57m 

OCVJO 
nO  KN 

OO  H 
n* 

"M*  CM  'M' 
n0  K\0 
CM  On  CM 
KV45 

H 

4140 

18860 

0 

9  9  t 

9  9  I 

O 

nO  cvi  -«t 
CM  On  ON 
OJA 
OJvO 

OO  CM  O 
v©  K\ 

CM  H 

CM  NO 

On  WNO 

^  o 

MNO 

CM  NO 

CM  CO  KN 
NO  UNO© 
H  O 

H  O 

voeo  o 

CO  NO 

CO  ON 

H  tf\ 

fhbi’m 

Hat 

a 

A 

A 

m 

fk 

u 

i 

P3 

J9 

JS. 

i  t  i 
i  i  i 


I  9  9 

1  1  f 


I  1  9 

1  1  I 


QO  O  O 
V0 

O'M' 

t-f\ 


A 


S  «  tt 


no  marked  ear  m  *  male  P  *  Polymorphs 

right  ear  marked  f  ■  female  L  *  Lymphocytes 

left  ear  marked  M  »  Monocytes 


f  f  1 
I  \  * 


[ 


'  T  I 
(  t  I 


.fit  -  1  I  I 
1ft  1  l  f 


'If  I  ♦  1 

5  f  t  Iff 


1 


-  46  - 


o 


W  -P 

o  fl 

-p  0 

o 

©  O 
■P  o 


*-l  -p 
O  t>> 
o 

-P  o 

O  i — I 

©  g 
CJ 

<fH  Cd 

0)  u 

w 

© 

.d  © 
Eh  A 

•P 


.  rt 
M  O 


/~ema/<ts  £xP  PPP/O 29  / A f  D/9YS 


47 


BIBLIOGRAPHY 


. 


-  48  - 


BIBLIOGRAPHY 


1.  BETHEL,  F.  H. ,  STURGIS,  C.  C. ,  MALLERY,  0.  T.  ,  and  RUNDLES, 

R.  W.  Arch.  Internal  Medicine  131*  1944. 

2.  SPICER,  S.  S.  ,  DAFT,  F.  S.  ,  SEBRELL,  W.  H.  ,  and  ASHBURN, 

L.  L.  U.  S.  Public  Health  Report  £2,  1339-1366.  1942. 

3.  ASHBURN,  L.  L.  ,  DAFT,  F.  S.  ,  ENDICOTT,  K.  M.  ,  and  SEBRELL, 

W.  H.  U.  S.  Public  Health  Report  52,  1883-1891.  1943. 

4.  EDITORIAL  REVIEW.  Nutrition  Reviews  2,  IO3.  1944. 

3.  LEHR,  D.  ,  ANTOPOL,  W.  ,  CHUNG,  J.  ,  and  SPRINZ,  H.  Proc. 

Soc.  Exp.  Biol,  and  Medicine  4£,  13.  1940. 

6.  GROSS,  P.  ,  AXELROD,  A.  E.  ,  and  BOSSE,  M.  D.  Amer.  J.  of 

Med.  Sciences  208 ,  642.  1944. 

7.  DAFT,  F.  S. ,  ASHBURN,  L.  L. ,  and  SEBRELL,  W.  H.  Science  96. 

1942. 

8.  ENDICOTT,  K.  M.  ,  KORNBERG,  A.,  and  DAFT,  F.  S.  U.  S.  Pub¬ 

lic  Health  Report  ££,  49-34.  1944. 

9.  AXELROD,  A.  E.  ,  GROSS,  P.  ,  BOSSE,  M.  D.  ,  and  SWINGLE,  K.  E. 

J.  Biol.  Chem.  148,  721.  1943. 

10.  DAFT.  F.  S.  and  SEBRELL,  W.  H.  U.  S.  Public  Health  Report 

£8_,  1342-1343.  1943. 

■  11.  SPICER,  S.  S.  ,  DAFT,  F.  S.  ,  SEBRELL,  W.  H.  ,  and  ASHBURN, 

L.  L.  U.  S.  Public  Health  Report  £7,  1339-1366.  1942. 

12.  GOLDSMITH ,  E.  D.  ,  GORDON,  A.  S.  ,  FINKELSTIEN,  G.  ,  and 

CHAREPPER,  H.  A.  J.  Amer.  Med.  Assoc.  123+  1944. 

13.  WAISMAN,  H.  A.  and  ELVEHJEM,  C.  A.  J.  Nutrition  26,  361. 

1943. 

14.  CANTOR,  M.  M.  and  SCOTT,  J.  W.  Reprint  from  Science  100. 

343-346.  1944. 

13.  HEGSTED,  D.  M.  and  RAO,  M.  N.  J.  Nutrition  30.  1943. 

16.  KORNBERG,  A.,  TABOR,  H.  ,  and  SEBRELL,  W.  W.  Amer.  J.  Phys¬ 
iology  143,  434.  1943* 


c  . 


. 


-  49  - 


17.  POUTS,  P.  J.  ,  HELMER,  0.  M.  ,  and  LEPKOVSKY,  S.  Ainer.  J. 

Med.  Seienoe  122,  l63*  3-940. 

18.  CHICK,  H. ,  MaoRAE,  T.  F.  ,  and  MARTIN,  A.  J.  P.  Biochem. 

Jour.  22,  844.  1938. 

19.  FOUTS,  P.  J.  and  LEPKOVSKY,  S.  Proc.  Soo.  Exp.  Biol,  and 

Med.  £0,  221-222.  1942. 

20.  CALLOMAN,  F.  T.  and  LINTON,  L.  G.  J.  Lab.  and  Clin.  Med. 

22.,  574*  1944. 

21.  MACKENZIE,  J.  B.  and  MACKENZIE,  C.  G.  John  Hopkins  Hosp. 

Bui.  2i»  85-97*  1944. 

22.  KDRNBSRG,  A.,  ENDICOTT,  K.  M. ,  DAFT,  F.  S. .  and  SEBRELL, 

W.  H.  U.  S.  Public  Health  Report  60.,  661.  1945. 

23.  MU5SSR,  J.  H.  and  WINTROBE,  M.  M.  Diseases  of  the  Blood. 

24.  DOWNEY,  H.  Handbook  of  Hematology. 

25.  LILLY  RESEARCH  LABORATORIES,  Anaemias. 

26.  HARROW,  B.  Text  Book  of  Biochemistry. 

27.  ROSENBERG,  H.  R.  Chemistry  and  Physiology  of  the  Vitamins. 

28.  IH0B0TK0,  V.  G.  Amer.  Rev.  Soviet  Med.  2,  238.  1945. 

29.  VILTER,  R.  W. ,  SCHIRO,  H.  S. ,  and  SPIES,  T.  D.  Nature  145. 

388.  1940. 


'  * 


50 


APPENDIX 


-  51  - 


.APPENDIX 


PREPARATIONS  AND  METHODS  OF  FEEDING 


1.  The  pyridoxin©  free,  B-complex  supplement  was  prepared 
as  follows: 

Stock  solutions 


Thiamin  solution 

- 

1 

gm. 

in 

20 

c.c. 

water 

Riboflavin  susp. 

1 

gm. 

in 

20 

c.c. 

Biotin 

Ca  Pantothenate  solution 

- 

1 

gm. 

in 

20 

c.c. 

water 

Niaoin  solution 

mm 

1 

gm. 

in 

40 

c.c. 

water 

Choline  HOI  solution 

- 

20 

gau 

in 

40 

c.c. 

water 

Inositol  solution 

- 

1 

gm. 

in 

20 

c.c. 

water 

Para.  Am.  Benz.  Acid  solution 

- 

1 

gm. 

in 

20 

c.  c. 

EtOH  {95%) 

Supplement  prepared  from  stock  solutions: 

Thiamin  1  c.c. 

Riboflavin  in  20  c.c.  Biotin  cone 
Ca  Panto#  2  c.c. 

Niacin  10  c.c. 

Choline  10  c.c. 

Inositol  3  c.c. 

Para.  A.  B.  Acid  2  c.c. 

2.  Oral  feeding  was  accomplished  by  placing  the  end  of  the 
pipette  into  the  ratfs  mouth. 

3.  Pyridoxin©  HC1  solution: 

50  gms.  of  pyridoxine  HC1  dissolved  in  100  c.c  of  water. 
.3  c.c.  of  solution  *  50  mgms.  pyridoxine  HC1. 

'4.  Each  subcutaneous  injection  was  (#3  c.c.  of  solution) 
given  in  the  region  of  the  lower  thigh. 

3#  Drugs  used  were  received  gratis  from  the  following 
manuf ac tur er  s : 


Sulfaguanidine 
Gar  dan 
Pyramidon 


-  John  Wyetli  and  Bros.  Limited 

-  Winthrop  Chemical  Co.  Ltd. 

-  Winthrop  Chemical  Co.  Ltd. 
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Thiouraoil 
Nicotinic  Acid 
P.  Amino  B.  Acid 
Riboflavin 
Biotin 

Pyridoxine  HC1 


John  wyeth  and 
John  wyeth  and 
John  Wyeth  and 
John  Wyeth  and 
John  wyeth  and 
John  Wyeth  and 


Bros.  Limited 
Bros.  Limited 
Bros.  Limited 
Bros.  Limited 
Bros.  Limited 
Bros.  Limited. 


6.  Double  distilled  water  (glass  still).  All  solutions 


were  preserved  at  refrigeration  temperature  in  tightly  stoppered 
brown  glass  bottles. 


- 

-  • 
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SECTION  B 


ABSORPTION  AND  STORAGE  OF  CAROTENE  (PROVITAMIN  A) 

IN  THE  RAT. 
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INTRODUCTION 


ABSORPTION  AND  STORAGE  OF  CAROTENE  (PROVITAMIN  A) 

IN  THE  RAT. 


INTRODUCTION 

Vitamin  A  occurs  only  in  the  animal  organism.  The  com¬ 
pounds  found  in  plants  with  vitamin  A  activity  for  animals  be¬ 
long  to  the  class  of  carotenoids  containing  40  carbon  atoms* 

* 

They  are  converted  in  the  animal  body  into  other  substances 
having  vitamin  A  activity*  Rats  are  usually  used  for  provitamin 
studies  and  it  is  assumed  that  compounds  of  provitamin  activity 
for  rats  also  exhibit  this  activity  for  man  (1)* 

The  efficiency  with  which  provitamin  A  is  converted  to 
vitamin  A  varies  in  different  animals,  rats  being  most  efficient* 
Cats  are  not  capable  of  this  conversion  (3,  ?)• 

B-carotene  administered  orally  to  the  Albino  rat  is  absorbed 
from  the  gastro-intestinal  tract,  converted  to  vitamin  A  and 
stored  chiefly  in  the  liver*  Small  amounts  are  stored  in  the 
corpus  luteum,  adrenal  cortex,  in  the  retina  as  visual  purple, 
renal  cortex  and  tissue  fat*  Traces  occur  in  the  lungs  and  the 
pars  intermedia  of  the  pituitary  (6).  Carotene  is  found  in  the 
liver,  dentin  of  teeth  and  the  testes. 

The  absorption  of  B-carotene  and  its  conversion  depend  upon 
a  mechanism  yet  unknown*  Most  evidence  points  to  the  fact  that 
conversion  of  B-carotene  to  vitamin  A  takes  place  in  the  Kupffer 
cells  of  the  liver,  that  an  enzymatic  process  is  involved. 
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There  is  also  evidence  that  cells  of  the  intestinal  villi  may* 
take  part  in  the  conversion  (1,  16,  21). 

A  critical  review  of  the  literature  reveals  a  wide  diversity 
of  experimental  conditions  among  the  various  investigators:  dif¬ 
ferences  in  animals  (sex,  age,  stage  of  liver,  depletion  of  vit¬ 
amin  A),  in  diets  (purity,  nature),  in  carotene  dosages  used, 
and  in  the  duration  of  experimental  periods.  The  previous 
dietary  history  has  a  marked  effect  on  the  rate  of  absorption 
and  degree  of  vitamin  A  storage.  Adequately  fed  animals  store 
vitamin  A  more  efficiently  than  vitamin  A  deficient  animals  (7, 
14,  21).  Sereda  (39)  observed  that  the  rate  of  absorption  of 
vitamin  A  was  increased  by  preliminary  priming  doses  of  vitamin 
A.  When  animals  were  fed  a  vitamin  A  free  diet  for  more  than 
one  week  and  subsequently  provided  with  carotene,  irregularity 
in  vitamin  A  storage  is  attributed  to  irregular  intestinal 
absorption  (17)* 

It  is  generally  agreed  that  vitamin  A  is  utilized  more 
efficiently  than  B-carotene.  Clayton  and  Baumann  (9)  attributed 
this  to  the  fact  that  vitamin  A  is  an  alcohol  and  B-carotene  a 
hydrocarbon.  Russell  (10),  Popper  (16)  and  Kemmerer  et  al  (20) 
observed  that  the  absorption  of  vitamin  A  and  B-carotene  is 
proportional  to  the  dose  fed.  $ith  vitamin  A  this  is  true  up 
to  a  maximum  of  300,000  I.  U.  Using  daily  doses  of  3 >000  I.  U. 
in  vitamin  A  depleted  animals,  Sereda  has  shown  that  complete 
"liver  saturation"  could  be  affected  in  about  20  days  (100,000 
I.  U. ) ,  following  which  further  increase  could  not  be  produced. 

Experimental  studies  have  revealed  a  correlation  between 
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the  rate  of  carotene  and  lipid  absorption.  Thorb  jarnarson  and 
Drummond  (15),  Wilson  et  al. (19),  Shaw  et  al.  (21)  and  Irvin  et  al. 
(18)  found  that  significant  quantities  of  carotene  are  absorbed 
when  fed  with  gall  bladde  bile  and  pancreatic  lipase.  This 
oould  not  be  confirmed  by  Dzialoszynski  et  al. ( 13 )  and  Goss  and 
Guilbert  (26). 

The  utilization  of  carotene  by  rats  is  influenced  by  the 
nature  of  the  oil  used  as  diluent  (19,  22).  Wesson  oil  (20) 
and  cod  liver  oil  (29)  provided  more  efficient  utilization  of 
B-oarotene  than  cottonseed  oil.  Slanetz  and  Scharf  (24)  ob¬ 
served  that  mineral  oil  interferes  with  full  utilization. 

A  report  by  Guggenheim  and  Koch  (12)  suggests  a  protective 
action  of  vitamin  1  in  the  small  intestine  enhancing  vitamin  A 
absorption  and  storage.  Russell  (10)  postulates  a  similar 
action  of  phosphatides* 

Frazer,  Schulmann  and  Stewart  (8)  showed  that  the  rate  of 
fat  absorption  was  increased  when  emulsifying  agents  were  used. 

Evidence  put  forward  by  this  paper  caused  a  similar 
emulsifying  system  to  be  used  in  the  following  esperiments. 
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FAHT  I 


"Comparison  of  the  efficiency  of  propylene  glycol 
and  cottonseed  oil  as  B- carotene  solvents  on  the 
storage  of  B-oarotene  and  vitamin  A  in  the  liver 
of  Albino  rats#" 
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PLAN  OF  BIPSRIMENT 

B-oarotene  in  cottonseed  oil  and  in  propylene  glycol  was 
fed  to  albino  rats*  The  storage  of  B-carotene  as  vitamin  A  in 
the  liver  was  measured* 

Animals 

Adult  female  albino  rats  (Departmental  Colony)  were  fed  a 
vitamin  A  free  diet  when  their  young  were  born.  Young  females 
at  weaning  (3  weeks)  were  fed  the  same  diet  and  allowed  water 
ad  lib. ). 

Two  groups  of  animals  (7  weeks  of  age)  were  used  in  each 
experiment.  Each  group  of  20  was  placed  in  a  separate  cage  and 
fed  the  vitamin  A  free  diet.  They  were  allowed  water  ad  lib. 

One  group  was  fed  a  daily  supplement  of  1,000  I.  0.  of  B-carotene 
in  cottonseed  ollj  the  other  group  received  1,000  I.  U.  of  B- 
carotene  in  propylene  glycol. 

One  animal  out  of  each  group  was  killed  with  ether  every 
four  to  five  days.  The  drained  livers  were  weighed  and  a 
chemical  analysis  performed  to  determine  vitamin  A  and  B- 
carotene  content. 


Analysis 

The  CarrPrioe  procedure  (1)  was  followed  and  modified  (2) 
for  this  purpose. 

Flow  Sheet 

1.  Minced  organs  ♦  40  c.c*  NaOH  (5%)  -  heated  at  60°C. 
for  one  hour  -  shaken  occasionally. 

2.  Solution  cooled  (room  temperature)  and  measured  in 


* 
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graduate  cylinder. 

3.  Duplicate  10  0.0.  aliquots  +  4  o.c*  KOH  ( 60% )  in  HgO 

♦  10  c*o.  EtOH  (93%)  9  refluxed  5  minutes  at  temperature  of  boiling 
H2O. 

4.  Flasks  cooled  -  room  temperature. 

5.  Extraction.  Three  times  -  10  0.0.  of  petroleum  ether 
(B.  P.  under  40°  C. ). 

6.  Washing.  Once  with  13  c.c.  of  double  distilled  H2O. 

7.  Drying.  Over  anhydrous  Ha£S04  for  at  least  4  hours. 

8.  Solution  filtered  and  BagSO^  washed  thoroughly  with 
petroleum  ether  (B.  P.  under  40°  0.). 

9.  Filtrate  volume  measured  in  graduate  cylinder. 

10.  Ten  o.c.  sample  placed  in  cuvette  tube:  comparator  tube 
10  c.c  of  petroleum  ether  (B.  P.  under  40°  0.). 

(i)  Coleman  Bell  Double  Spectrophotometer  used  with  selective 
filter  at  440  mu.  Transmission  read  directly  and  the  quantity 
of  carotene  obtained  by  reference  to  curve  obtained  by  treating 
a  solution  of  known  B-carotene  content  in  a  manner  similar  to 
the  procedure  outlined. 

(ii)  Sample  replaced  in  original  cylinder,  petroleum  ether 
evaporated  under  nitrogen  stream  at  3O0  to  40°  0.  and  the  residue 
dissolved  in  10  o.c.  of  chloroform.  Vitamin  A  determined  by 
method  of  Carr  and  Price  using  the  color  reaction  with  antimony 
trichloride  and  selective  filter  at  620  mu.  Results  were  cal¬ 
culated  using  the  equation: 

(log.  100  -  log.  reading) x  #0523  x  585OO  s  e.ofs.  solution 

100 

This  for  10  c.c.  aliquot  of  solution.  Ten  c.c.  chloroform 
used.  Results  expressed  in  I.  U. 
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Standard  B-oarotene  Curve 
used  as  reference# 


STAA/JDAED/ZAP/OA/  Cl/EZE  of 
Js-  C  orofene  /n  Pstro/eorr?  EfAer 

Percentage  7rc?/7srtj/ss  /on  at  /w  ?ruj 


Afg.  Percent  f3~  Carotene 
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Table  1.  Storage  of  vltanin  A  and  iS-onrotono  in  liver  tissues. 


Tim 

in 

dfH70 

0. 

Vitanin  A 

O.  0. 

B-oarotono 

F. 

Vitanin  A 

G. 

B-oarotono 

0 

.85 

0 

1.20 

0 

11 

37.70 

6.60 

46.20 

9.70 

25 

42.40 

6.97 

55.20 

7.00 

23 

35 

64.20 

93.40 

6.01 

12.20 

85.3O 

104.60 

9.60 

9.10 

30 

76.70 

5.90 

37.70 

6.05 

42 

123.70 

15.10 

122.40 

7.10 

46 

110.30 

7.49 

178.50 

13.90 

50 

147.40 

8.44 

148.10 

7.99 

55 

137.10 

9.54 

156.60 

3.60 

59 

144.30 

8.92 

142.40 

14.10 

63 

121.00 

5.50 

123.10 

7.20 

67 

156.10 

6.25 

176.20 

5.75 

71 

195*10 

10.30 

175.70 

200.20 

186.20 

I7.6O 

74 

2? 

155.30 

198.10 

7.60 

7.96 

7.74 

5.94 

80 

275*  60 

16.40 

26,5.30 

8.21 

64 

303.10 

7.83 

244.30 

9.20 

88 

286.90 

7.97 

265*60 

7.41 

92 

277.70 

10.30 

272.80 

7.80 

97 

293.70 

8.40 

275.60 

7.52 

a.  i'i»  0.  *  Cottonseed  Oil# 

Is*  3.  *  Propylene  Glycol. 

Vitaain  A  and  B-oaroteso  os  International  'units 
per  iron  of  liver  tissue# 
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Graph  I.  Comparison  of  Vitamin  A  storage  in  the  liver, 
using  cottonseed  oil  and  propylene  glycol  as 
B-carotene  diluents. 
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1.  Table  I  and  Graph  I  summarize  the  results  obtained  ror 
gran  of  llvor  tioauo. 

DIGGU:ri01? 

Sable  1  end  Graph  I  illustrate  that  there  is  no  significant 
difference  in  the  rate  and  extent  of  vitamin  A  storage  using 
either  cottonseed  oil  or  propylene  glycol.  The  two  curves 
parallel  enoh  other  closely  throughout  the  experiment,  ;  inoe 
the  animle  wore  chosen  of  about  equal  weight  at  the  timo  of 
llvor  analysis,  any  minor  degree  of  storage  rates  could  bo 
attributed  to  individual  animal  differences  in  storage  efficiency 
rather  than  to  the  difference  in  the  two  solutions  used. 

The  extent  of  B-oarotono  storage  tended  to  remain  static 
after  the  initial  star age.  This  suggests  that  the  liver  has 
only  a  United  capacity  for  storing  JVcaroteno  and  amounts  in 
excess  of  this  are  either  converted  to  vitamin  A  or  excreted. 

3tr-S.tARY 

1.  lto  difference  was  observed  in  the  efficiency  of  liver 
storage  of  vitamin  A  by  the  albino  rats,  when  3-ocrotono  mo 
fed  in  oottonsced  oil  or  propylene  glycol. 
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"Tho  of foot  of  lipid*  on  beta  enrobe  r®  absorption  and 
storaca  of  vitaain  A  in  the  albino  rat.” 
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t'LAK  of  ;r-;  ~-.tr.CTrr 

Tho  absorption  of  D-onrotono  and  its  conversion  to  vitamin 
A  depends  on  factors  tho  nature  and  mechanism  of  which  ore  os 
yet  uncertain,  ^xperlmontnl  studies  suggest  a  correlation  be¬ 
tween  tho  rate  of  D-ooroteno  and  lipid  absorption  (5,  6,  7). 
Thane  studies  were  carried  out  on  animals  in  various  stages  of 
depletion  and  it  was  thought  that  -rooter  uniformity  in  results 
night  bo  obtained  in  oocp lately  depleted  animals. 

Animals 

Animals  were  prepared  and  handled  in  the  manner  already 

do scribed  (port  X). 

Three  groups  of  animals  seven  week®  of  ago  mm  used.  3eeh 
gro^p  of  24  was  placed  in  a  separate  cage  and  fed  a  vitamin  A 
free  diet.  They  wore  allowed  water  ad  lib.  Two  animals  from 
oooh  group  wore  fed  the  test  dose  of  carotene.  At  varying 
tine  intervals  both  animals  war©  killed  with  other  and  their 
digestive  tracts  assayed  for  B-oarotene  content.  Vitamin  A 
assays  worn  performed  only  on  tho  livers. 

RESULTS 

The  results  are  presented  in  Tables  II,  XII,  IV  and  V. 

(1)  Table  II.  After  feeding  2100  I.  U.  of  B-oarotone  in 

cottonseed  oil  (oono. ). 

(2)  Table  III.  After  foaling  1400  I.  0,  of  B-oarot ene 
(oono. )  with  sodium  taurocholato. 
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Itablo  II*  B-oarotano  in  oottonoood  oil  axpraarotl  ne  par  oont 

of  tho  (to  no 


Tine 

in 

houro 

Gtoo. 

♦ 

Ct3. 

s.x. 

Gt®. 

L*l»t  Ots* 

♦ 

Gaooum 

Gt*. 

LiTOr 

Vlt.A  B-G* 

Total 

0 

0 

0 

0 

1.14 

0.22 

1 

52.5c 

5.4 

0.3 

1.3? 

O.56 

60.1 

2 

57.20 

24.5 

0.9 

1.17 

1.20 

84. 9 

3 

20.90 

23.4 

2.6 

1.20 

1.20 

54.3 

4 

22.30 

9.2 

2.9 

1.40 

1.20 

32.0 

5 

18.20 

11.3 

5.3 

2.30 

1.70 

39.3 

6 

I5.IO 

7.3 

13.4 

2.70 

1.60 

45.3 

7 

17.  & 

10.5 

27.6 

2.90 

1.60 

60.2 

14.30 

6.3 

40.3 

3.30 

2.70 

67.9 

12 

2.43 

4.2 

33.4 

3.32 

1.60 

50.5 

24 

1.35 

1.7 

10.6 

4.10 

1.50 

19.4 

staa*  *  :.,tO'©oh 
o*2.  »  Goal!  Intsostina 
L.I.  *  Lnrna  Intoatin© 
Cto.  *  Oonionto 
3-0  »  Data  Onrotone 
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Table  III*  Absorption  of  D-oaroten©  plus  bilo  salts#  B- 
oarotono  oxprescod  so  por  oont  of  th©  doe©. 


Tine 

in 

houro 

Stom* 

♦ 

Cts. 

O*  I# 

♦ 

Gta. 

L.I. 

♦ 

Cts. 

Liver 

Vit.A  D-0. 

Totol 

0 

0 

0 

0 

.89 

.56 

1 

40.4 

13.20 

0.60 

•  7 

1.30 

64.4 

2 

51.4 

24.10 

1.73 

.91 

1-95 

8c.l 

3 

25.1 

32.40 

3.20 

1.15 

1.85 

63.7 

4 

21.1 

11.20 

3.55 

1.68 

2.S4 

40.4 

5 

14.J 

4.80 

5.90 

1.82 

2.07 

29-7 

6 

12.3 

12.80 

21.00 

2.10 

2.56 

3.38 

50.7 

7, 

15.2 

9.30 

21.  30 

2.55 

52.4 

8.2 

6.51 

47.80 

2.70 

4.io 

69.4 

12 

5*5 

1.31 

46.60 

5.64 

3-38 

62.4 

24 

2#  u 

1.05 

9.30 

6.31 

2.65 

22.2 

&%m*  »  3 tomaoh 
a#  l#  •  anall  In  to  s  tin© 
L*  1*  «  Large  Into© tl no 

Cts*  »  Jontento 
B-G*  •  Bata  oaroton© 


' 
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Tablo  J.V.  Absorption  of  B-oorotono  plus  an  oiaulaiflor.  B~ 
oarotone  oxprocaod  as  per  oont  of  tho  don©. 


Titue 

in 

hours 

Eton* 

Cts. 

S.I. 

♦ 

Cts# 

L.  1. 

Cts# 

Llvor 

Vlt.A  B-0. 

Total 

0 

0 

0 

0 

1.27 

.30 

1 

40.80 

24#  10 

.95 

1.50 

1.40 

68.7 

2 

47.30 

24.70 

1.5c 

1.57 

1.46 

76.5 

3 

27.30 

33*30 

2.10 

1.90 

l.fO 

63.1 

4 

20.50 

45#  80 

4. 60 

2.23 

1.61 

74.7 

5 

7.40 

12.50 

25.60 

2.24 

1.74 

49.5 

7 

6.50 

5.70 

24.70 

2*34 

1.83 

41.1 

7 

5.70 

7.00 

46.00 

2.88 

2.11 

64.5 

m 

6.80 

7.20 

38.40 

3.50 

2.31 

57-9 

12 

2.49 

2.50 

13.20 

3.80 

2.73 

23.6 

24 

1.00 

1.52 

2.20 

5.70 

3.3« 

I3.5 

3  tom*  *  Bto&aoh 
O.l#  *  -Jnall  la  tontine 
L.l.  *  Large  Xnteetl.no 
Ota#  *  Contents 
B*C.  »  Beta  Carotene 
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Table  V#  D-ooroton©  roraolnln^  In  pantro-lntostlnal  tract  ox- 
proceed  gg  por  oont  of  tho  dono* 


Tim 

in 

hours 

C. 
in 
(*•  I* 

3  •  0i 

Aseura© 

booro# 

in 

a.  i. 

3, 

Agcumo 

Absorp* 

lllUlG* 

in  A «m 

Abaorp. 

0 

1 

5BI2 

*»©* 

54.2 

— 

65*8 

— 

2 

82.6 

17T4 

77*2 

22.8 

73.5 

26.5 

3 

51.? 

48.1 

60.7 

39*3 

64.7 

35*3 

4 

34.4 

65.6 

35*8 

64.2 

70.9 

29.I 

5 

35*3 

64.7 

25.0 

75*0 

47.8 

52.2 

6 

41.5 

58*5 

46.2 

53*8 

36*9 

63. 1 

7 

55*7 

44*3 

46.0 

54.0 

59.5 

40. 5 

m 

61.  9 

38.1 

62.5 

37.5 

52.4 

47.6 

12 

45.1 

§4.9 

53*4 

46.6 

18.2 

81.8 

24 

13.8 

86.2 

13*1 

36.9 

4.5 

95*3 

CJ*n#0*  *»  B-Gtarotone  in  cottonseed  oil 
B*3*  «  &-Garot®m  in  bile  salt® 

iJmlQ*  »  D-Caroton©  in  onuloifior 
G#l#  »  toatro- intestinal  tract 


. 
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(3)  Table  IV.  After  feeding  1300  I.  U.  of  B-oarotone  (oono. ) 


tilth  an  ©nulnifior. 

Data 11a  of  the  preparations  ere  described  In  the  appendix. 


DISCUS  IQH 


■  From  Tables  11,  III  and  IV  It  oan  be  seen  that  there  lo  no 
great  difference  between  the  rate  of  B-ocroteno  absorption  using 
bile  salts  and  the  o-iulsifyinp.  agent. 

Absorption  of  3-oaroten©  taken  plaoo  solely  in  the  snail 
intestine.  By  totalling  the  first  three  column  in  each  of  the 
Tables  II,  III  and  IV,  the  poroontoge  of  the  dose  of  B-oarotene 
remaining  In  the  gastro- Intestinal  tract  Is  obtained  (Table  V). 

If  It  is  assumed  that  there  Is  no  destruction  of  carotene,  the 
remainder  of  the  dose  represents  carotene  absorbed  into  the 
blood.  Any  large  differences  In  the  percentage  of  the  dose 
found  In  the  liver  must  represent  (teetruotioa  in  the  gastro¬ 
intestinal  tract. 

In  general,  the  rates  of  absorption  of  B-oarotene  in  cotton¬ 
seed  oil  and  B-oarotoae  with  bile  salts  parallel  each  other. 

The  rat©  and  extent  of  absorption  with  the  emulsifying  agent 
was  leas  than  in  the  other  two  groups.  Greatest  absorption  took 

plaoe  in  the  five  hour  grot®  using  bile  salts. 

The  rate  of  storage  of  vitamin  A  in  the  liver  was  approx¬ 
imately  equal  in  all  group b.  The  extent  of  storage  after  the 
24  hour  interval  was  significantly  greater  in  the  bile  salt 
group.  The  emulsifying  group  and  cottonseed  oil  group  show 
little  differ  once  in  this  reject. 


. 

. 

' 


. 


siaminr 


After  feeding  albino  rate  dosages  of  2100  1.  U.  of  B- 
oarotene,  1400  1.  U.  of  B- carotene  with  a  bile  salt,  and  1300 
X.  U.  of  D-oarotono  with  on  emulsifying  agent ,  it  was  oonoludod 
that; 

(1)  Bile  salts  slightly  improved  the  rate  of  absorption  of 
IWoaroteno  from  the  gastro- intestinal  tract.  Increased  liver 
storage  Is  possibly  due  to  tin  incroanod  amount  of  oorotene 
absorbed. 

(2)  Ho  inproveaont  of  B-oarot one  absorption  and  vitamin  A 
storage  ooourred  with  the  emulsifying  agent. 


. 

. 
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APPENDIX 


i  a A»<.^’icr>  •  a:;,)  op  f.;  ,^1 

Part  I 

1.  .  took  B-oarotono  in  cottonseed  oil* 

(1)  Cot  tonseod  oil  was  added  eo  that 

.1  o*o*  solution  *  1000  X*  U.  of  3-oarotano. 

(2)  Propylene  glyeol  added  so  that 

•1  o.o*  solution  •  1000  Z.  U*  of  B>oarotene* 
Solutions  war®  kept  in  refrigerator  in  brown  glass 

bottles* 

2.  Oral  feeding  was  aooanpllohod  by  placing  the  end  of  a 
graduated  pipette  into  the  rat’s  south* 

3*  Reagents: 

(1)  95$  ethanol  (C.  P. }. 

(2)  Los  8.  P.  petroleum  ether,  C.  P.  Petroleum  ether 
B.  -  •  below  60°  C.,  was  redistilled  uBing  a  fractionating  oolurm 
and  the  fraction  boilin'  under  40°  C.  used. 

(3)  60$  KDH  in  water. 

(4)  Chloroform  (C.  P. }.  Exposure  to  air  (HgO  sapor} 
kept  at  a  minimum  by  opening  assail  quantities  for  use  at  any 
one  time* 

(9)  Anhydrous  sodium  sulfate  (C*  P. }* 

(6)  Antimony  Trichloride  in  ohloroform  (25$  i^V). 

(7)  Double  distilled  water  (glass  still)* 


. 


' 


. 

■ 
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Part  11 


1#  v.  took  rvoarotene  in  cottonseed  oil# 

(1)  #15  o.c#  solution  •  2100  I.  U.  of  B-caroteno, 

(2)  Sodium  taurocholnt©  too  rataeued  an  25  ragpe#  per  #15 
c*c#  of  stool:  solution# 

•  15  o.o#  of  solution  •  1400  1#  U#  of  B-caroten©  ♦  1% 

taurooholete# 

(3)  The  onulslfior  was  Manured  a©  25  mgm*  per  #15  o.c# 

of  ©took  solution# 

•15  c#c#  of  solution  *  1JD0  I#  U#  of  E-carotene  ♦ 

emulsifier# 

Staulolfior: 

Ji  Hei  Taurooholcsto 
3©f  Loot thin 
Oleic  acid# 

^attentions  of  B-carotene  were  performed  on  #15  c#o# 
of  each  solution,  pleasured  from  the  feeding  pipette# 

2#  Oral  feeding  wo  accomplished  by  placing  the  end  of  the 
pipette  into  the  rat1©  rsouth# 

3#  expounds: 

(1)  3-carotene  -  **OmoQ. f* 

<2)  Sodium  Taurooholn te  -  ^Sioer  a nd  Amend# ft 

(3)  Frepylen©  Glycol  -  "Bataan  Kodak  Go#*1 

(4)  01© io  Acid  (C#  r#  free  fton  linoleio  acid)  -  *ltaer 
and  Amend# " 

(5)  Cottonseed  Oil  -  "Fisher  ^oiontif  ic  Go#** 

(6)  lecithin  -  0  f onstiol# 11 


V: 


■ 


